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UPLINK POWER CONTROL METHOD,
DEVICE AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a U.S. National Stage Applica-
tion under 35 U.S.C. §371 of International Application No.
PCT/CN2013/072827, filed on Mar. 18, 2013, entitled
UPLINK POWER CONTROL METHOD, DEVICE AND
SYSTEM, designating the United States, and claiming pri-
ority to Chinese Patent Application No. 201210078398.1,
filed with the Chinese Patent Office on Mar. 22, 2012 and
entitled “Uplink power control method, device and system”,
the content of which was incorporated by reference in its
entirety.

FIELD

The present invention relates to the field of communica-
tions and particularly to an uplink power control method,
device and system.

BACKGROUND

In a Time Division Duplex (TDD) system, uplink trans-
mission and downlink transmission can use the same fre-
quency resources and different time resources, that is, uplink
data and downlink data is transmitted in different sub-
frames. In common TDD systems including a Time Divi-
sion-Synchronous Code Division Multiple Access (TD-
SCDMA) system and a Time Division-Long Term Evolution
(TD-LTE) system, the partitions of uplink sub-frames and
downlink sub-frames are statically or semi-statically, and it
is common to determine a partition scheme of uplink and
downlink sub-frames during a network planning according
to the type of a cell and a rough proportion of traffic and keep
the partition scheme unchanged. This is a simple and effec-
tive method in the context of large coverage by a macro cell.
However an increasing number of low-power base stations
including a pico cell, a home NodeB, etc., have been used to
provide small local coverage along with the advancement of
technologies, and there are a smaller number of User Equip-
ments (UEs) and a significant change in UE’s traffic require-
ments in these cells, thus the configuration of uplink sub-
frames and downlink sub-frames is needed to varied
dynamically as needed. Moreover inter-cell interference
across uplink and downlink time slots may be obviated by
synchronization and the same configuration of uplink and
downlink sub-frames throughout the traditional TDD net-
work, and particularly if an adjacent cell uses a sub-frame
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for an uplink transmission, then a current cell can’t use this
sub-frame for the downlink transmission but only can set
this sub-frame as an uplink sub-frame or idle. Due to
different conditions of traffic in the respective cells, the
operation of the real network may be greatly restricted due
to this traditional practice in that the respective cells can’t
select the configuration scheme of uplink sub-frames and
downlink sub-frames dependent upon their own real-time
conditions of traffic, thus lowering the ratio of utilizing
system resources of the TDD network.

In view of the problem above, some more flexible con-
figuration solutions of uplink and downlink sub-frames have
gain attention, and in such solutions, a cell in the TDD
network can select a different configuration scheme of
uplink and downlink sub-frames as needed, and can adapt
flexibly the configuration scheme of uplink and downlink
sub-frames in accordance with a dynamic change in traffic to
thereby improve the ratio of utilizing system resources.

A frame structure of the TD-LTE system in the prior art
is as illustrated in FIG. 1, where the length of a radio frame
is 10 ms, which includes 10 sub-frames, each of which is 1
ms in length. The sub-frames in the radio frame include
special sub-frames and normal sub-frames, where the nor-
mal sub-frames include uplink sub-frames and downlink
sub-frames for transmitting uplink/downlink control signal-
ing, traffic data, etc., and the special sub-frames each include
three time slots, which are a Downlink Pilot Time Slot
(DwPTS), a GP and an Uplink Pilot Time Slot (UpPTS), the
DwPTS being for transmitting a Primary Synchronized
Signal (PSS), a Physical Downlink Control Channel (PD-
CCH), a Physical Hybrid Automatic Repeat Request
(HARQ) Indication Channel (PHICH), a Physical Control
Format Indication Channel (PCFICH), a Physical Downlink
Shared Channel (PDSCH), etc., the GP being a guard period
between the downlink and the uplink, and the UpPTS being
for transmitting a Sounding Reference Signal (SRS), a
Physical Random Access Channel (PRACH), etc. Particu-
larly a radio frame can be configured with two special
sub-frames (the sub-frames #1 and #6) or can be configured
with a special sub-frame (the sub-frame #1), and the sub-
frame #0 and the sub-frame #5, and the DwPTS time slot(s)
in the special sub-frame(s) are usually used for downlink
transmission, the sub-frame #2 and the UpPTS time slot(s)
in the sub-frame(s) are usually used for uplink transmission,
and the remaining sub-frames can be configured for uplink
transmission or downlink transmission as needed.

In the TD-LTE system, the lengths of three time slots
DwPTS, GP and UpPTS in a special sub-frame are allocated
to support different configuration conditions, as depicted in
Table 1:

TABLE 1
Configuration Normal CP Extended CP
No. DwPTS GP UpPTS DwPTS GP UpPTS

0 6592 - T, 21936 -T, 2192-T, 7680 T, 20480 -T, 2560 -T,
1 19760 - T, 8768 - T, 20480 - T, 7680 - T,

2 21952 - T, 6576 - T, 23040 - T, 5120 - T,

3 24144 - T, 4384 - T, 25600 - T, 2560 - T,

4 26336 - T, 2192 T, 7680 - T, 17920 - T, 5120-T,
5 6592 - T, 19744 -T, 4384 -T_ 20480 T, 5120 T,

6 19760 - T, 6576 - T, 23040 - T, 2560 - T,

7 21952 - T, 4384 - T, — — —

8 24144 - T, 2192-T — — —

u
u
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In Table 1, the length unit is T, where T ,=1/(15000x
2048) second. In the existing TD-LTE system, seven differ-
ent allocation schemes of uplink and downlink sub-frames
are supported with their particular configuration parameters
as depicted in Table 2, where D represents downlink trans-
mission, U represents uplink transmission, and S represents
that this sub-frame is a special sub-frame:

TABLE 2
Configura- Switch Sub-frame index
tion No.  periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D § U U D D S U U D
2 5 ms D § U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D § U D D D D D D D
6 5 ms D § U U U D S U U D

Where the configuration scheme of sub-frames is broad-
casted by the network side to all of UEs in a cell in System
Information (SI), and a change to the configuration scheme
of sub-frames by using a modification to the system infor-
mation is supported in the TD-LTE standard, but this modi-
fication necessitates procedures of paging, reading the sys-
tem information again, etc., and the performance of the
system may be degraded seriously if the configuration
scheme of sub-frames is changed frequently. Moreover the
shortest modification periodicity of frame configuration of
640 ms is supported in the TD-LTE standard, which has
failed to fully accommodate a dynamically varying require-
ment for traffic.

In view of this, a more flexible TDD frame structure has
been proposed in the prior art to support more dynamic
reconfiguration of uplink and downlink sub-frames so as to
accommodate dynamically varying traffic. Particularly in a
specific period of time, four types of sub-frames are set,
including sub-frames always used for downlink transmis-
sion (referred to as constant downlink sub-frames), sub-
frames always used for uplink transmission (referred to as
fixed uplink sub-frames), special sub-frames, and sub-
frames flexibly allocated for uplink or downlink transmis-
sion, where the sub-frames flexibly allocated for uplink or
downlink transmission are referred to as flexible sub-frames,
and if a flexible sub-frame is used for uplink transmission,
then the flexible sub-frame is referred to as a flexible uplink
sub-frame, or if a flexible sub-frame is used for downlink
transmission, then the flexible sub-frame is referred to as a
flexible downlink sub-frame. As illustrated in FIG. 2, the
period of time above is a radio frame, where the sub-frames
#0 and #5 are fixed downlink sub-frames, the sub-frames #2
and #7 are fixed uplink sub-frames, the sub-frames #1 and
#6 are special sub-frames, and the remaining sub-frames (the
sub-frame #3, the sub-frame #4, the sub-frame #8 and the
sub-frame #9) are flexible sub-frames. The flexible sub-
frames can be configured dynamically by the base station in
view of a real-time traffic demand and a real-time channel
condition to accommodate a dynamic change in traffic
demand.

In the flexible configuration solution above of uplink and
downlink sub-frames, although uplink and downlink sub-
frames may be configured flexibly to dynamically varying
traffic, serious interference across timeslots may arise,
including interference between base stations and interfer-
ence between UEs, as illustrated in FIG. 3, where an M-UE
represents a UE served by a macro base station, and an [.-UE
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represents a UE served by a home base station. A study
showed that interference with a larger influence upon the
performance of the system is interference between base
stations, that is, uplink reception by a current base station
may be subject to interference of downlink transmission by
an adjacent base station, so that the performance of uplink
transmission by a UE served by the current base station may
be deteriorated seriously.

Uplink power can be controlled to improve the perfor-
mance of uplink transmission. Wherein the power control as
a fundamental technology in a wireless communication
system serves to compensate for an influence of fading over
a radio channel, so that a signal can arrive at a receiver at
appropriate power in such a way that transmit power can be
lowered at a transmitter when there is a good condition of
the channel and can be increased at the transmitter when
there is a poor condition of the channel to thereby guarantee
the performance of reception so that a signal to noise ratio
at the receiver is maintained in a relatively constant range.
With a reasonable power control scheme, power consump-
tion at the transmitter can be lowered on one hand and
interference between UEs in a cell can be avoided on the
other hand to thereby improve the performance of transmis-
sion and the capacity of the system. Moreover mutual
interference between cells can be controlled. General power
control schemes can include open-loop power control,
closed-loop power control, inner-loop power control, outer-
loop power control, etc. Uplink power is controlled in the
LTE system by open-loop estimation in combination with
closed-loop adjustment, where the open-loop section
involves determination of an initial value of uplink transmit
power by a UE from an uplink power control parameter
(e.g., a target value of received power) configured at the
network side, and then real-time closed-loop adjustment is
performed on uplink transmit power in response to a power
control command issued by a base station.

In the traditional TD-LTE system with synchronization
and the same configuration scheme of uplink and downlink
sub-frames throughout the network, there will be no inter-
ference across time slots, and uplink transmission by a cell
will be subjected only to interference of uplink transmission
in an adjacent cell, so an uplink power control parameter,
which is determined by the deployment of the network, will
be applicable to all the uplink and downlink sub-frames.
There are two types of uplink sub-frames in the dynamic
TDD system, which include fixed uplink sub-frames and
those sub-frames among flexible sub-frames allocated for
uplink transmission (i.e., flexible uplink sub-frames). There
may be different interference conditions in these two types
of'uplink sub-frames, where the interference condition in the
first type of uplink sub-frames is the same as that in the
traditional TD-LTE system because a current cell will be
subjected only to interference of uplink transmission of an
adjacent cell; and in the second type of uplink sub-frames
uplink transmission of the current cell may be subjected to
persistent interference of downlink transmission of the adja-
cent cell at a significantly higher interference level than that
in the first type of uplink sub-frames, and moreover since
uplink or downlink transmission is performed flexibly by the
adjacent cell in the respective ones of the second type of
uplink sub-frames, there may also be significantly different
interference conditions between the respective sub-frames.

As can be apparent from the description above, there may
be greatly varying transmit power of the UE required in the
respective types of uplink sub-frames in the dynamic TDD
system. In order to guarantee the performance of transmis-
sion by the UE in the respective types of uplink sub-frames



US 9,456,421 B2

5

in the dynamic TDD system, transmit power in the different
uplink sub-frames can be adjusted by a power control
command word, but a narrow dynamic range of the power
control command word, typically within 2 dB, may not
satisfy the requirement; and moreover respective UEs can be
particularly configured with a uniform uplink power control
parameter corresponding to transmit power, which results in
unnecessary power consumption by the UEs and inter-cell
interference in some other sub-frames (e.g., downlink sub-
frames). Thus uplink transmit power can not be controlled
flexibly without power consumption and interference in the
prior art.

SUMMARY

Embodiments of the invention provide an uplink power
control method, device and system to thereby control flex-
ibly uplink transmit power of an uplink sub-frame.

Technical solutions according to the embodiments of the
invention are as follows:

An uplink power control method includes:

configuring, by a network-side device, an uplink signal of
a user equipment with at least two sets of uplink power
control parameters; and

notifying the user equipment of the configured respective
sets of uplink power control parameters for the user equip-
ment to determine transmit power of the uplink signal.

A network-side device includes:

a set of control parameters configuration unit, configured
to configure an uplink signal of a user equipment with at
least two sets of uplink power control parameters; and

a set of control parameters transmission unit, configured
to notify the user equipment of the respective sets of uplink
power control parameters configured by the set of control
parameters configuration unit for the user equipment to
determine transmit power of the uplink signal.

An uplink power control method includes:

obtaining, by a user equipment, respective sets of uplink
power control parameters, corresponding to an uplink signal,
notified of by a network-side device;

when the user equipment needs to transmit the uplink
signal, selecting, by the user equipment, one of the respec-
tive sets of uplink power control parameters obtained by the
network-side device; and

determining transmit power of the uplink signal from the
selected set of uplink power control parameters.

A user equipment includes:

a set of control parameters obtainment unit, configured to
obtain respective sets of uplink power control parameters,
corresponding to an uplink signal, notified of by a network-
side device;

a set of control parameters selection unit, configured to
select one of the respective sets of uplink power control
parameters obtained by the set of control parameters obtain-
ment unit when the user equipment needs to transmit the
uplink signal; and

a transmit power determination unit, configured to deter-
mine transmit power of the uplink signal from the set of
uplink power control parameters selected by the set of
control parameters selection unit.

An uplink power control system includes:

a network-side device, configured to configure an uplink
signal of a user equipment with at least two uplink power
control parameters and to notify the user equipment of the
configured respective sets of uplink power control param-
eters; and
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the user equipment, configured to select one of the respec-
tive sets of uplink power control parameters notified of by
the network-side device and to determine transmit power of
the uplink signal from the selected set of uplink power
control parameters when the user equipment needs to trans-
mit the uplink signal.

In the technical solutions according to the embodiments
of the invention, the network-side device configures an
uplink signal of the UE with at least two sets of uplink power
control parameters and notifies the UE of the configured
respective sets of uplink power control parameters, and
when the UE needs to transmit the uplink signal, the UE can
select one of the respective sets of uplink power control
parameters notified of by the network-side device and deter-
mine transmit power of the uplink signal from the selected
set of uplink power control parameters. In the dynamic TDD
system, the UE can transmit an uplink signal in different
uplink sub-frames and the UE can determine transmit power,
at which the uplink signal is transmitted, from the different
sets of uplink power control parameters so that the different
uplink sub-frames can correspond to different transmit
power to thereby ensure the performance of transmission by
the UE in the respective uplink sub-frames of the dynamic
TDD system. Moreover in the technical solutions according
to the embodiments of the invention, the network side can
configure at least two sets of uplink power control param-
eters instead of adjusting transmit power by a power control
command word to thereby accommodate a dynamic demand
for traffic, and moreover respective UEs will not be config-
ured with a uniform uplink power control parameter to
thereby avoid also power consumption of the UEs and
inter-cell interference so as to control flexibly uplink trans-
mit power.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic structural diagram of a radio
frame in the prior art;

FIG. 2 illustrates a dynamic configuration scheme of
uplink and downlink sub-frames in the prior art;

FIG. 3 illustrates a schematic diagram of interference
across time slots in the prior art;

FIG. 4 illustrates a schematic flow chart of an uplink
power control method at the network side according to a first
embodiment of the invention;

FIG. 5 illustrates a schematic structural diagram of a
network-side device according to a second embodiment of
the invention;

FIG. 6 illustrates a schematic flow chart of an uplink
power control method at the UE side according to a third
embodiment of the invention; and

FIG. 7 illustrates a schematic structural diagram of a UE
according to a fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

A general implementation principle and particular imple-
mentations of the technical solution according to the
embodiments of the invention as well as their corresponding
achievable advantageous effects will be described below in
details with reference to the respective drawings.

Embodiments of the invention propose an uplink power
control method generally involving an uplink power control
process at the network side and an uplink power control at
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the UE side, and firstly the uplink power control process at
the network side will be described below.

First Embodiment

As illustrated in FIG. 4 which is a schematic flow chart of
an uplink power control method at the network side accord-
ing to a first embodiment of the invention, a particular
process flow thereof is as follows:

In the step 41, a network-side device configures an uplink
signal of a UE with at least two uplink power control
parameters.

In the first embodiment of the invention, the network-side
device can be but will not be limited to a base station.

The uplink signal can be but will not be limited to a
Physical Uplink Shared Channel (PUSCH), or a Physical
Uplink Control Channel (PUCCH) or an SRS.

The uplink power control parameter of the uplink signal
are used for the UE to determine transmit power of the
uplink signal, and in the first embodiment of the invention,
the uplink power control parameters of the uplink signal can
be but will not be limited to a target value of received power
of the uplink signal.

If the uplink signal is a PUCCH, the uplink power control
parameters of the PUCCH are target values PO_PUCCH of
received power of the PUCCH, the unit of which is dBm,
where PO-PUCCH is the sum of a cell-specific component
PO_NOMINAL_PUCCH and a UE-specific component
PO_UE_PUCCH, ie.,
PO_PUCCH=PO_NOMINAL_PUCCH+PO_UE_PUCCH.
PO_NOMINAL_PUCCH is configured by a system broad-
cast parameter, and PO_UE_PUCCH is configured by UE-
specific higher-layer signaling.

If the uplink signal is a PUSCH, the uplink power control
parameters of the PUSCH are target values PO_PUSCH (j)
of received power of respective categories of PUSCHs, the
unit of which is in dBm, where j represents a category
identifier of PUSCH and takes the values of 0, 1 or 2, where
j=0 corresponds to transmission or retransmission of a
PUSCH without an uplink (UL) grant, j=0 corresponds to
transmission or retransmission of a PUSCH with a UL grant,
and j=2 corresponds to transmission of a PUSCH with a
random access message 3. The PO_PUSCH (j) is the sum of
a 8-bit cell-specific component PO_NOMINAI,_PUSCH()
and a 4-bit UE-specific component PO_UE_PUSCH()), i.e.,
PO_PUSCH(j)=PO_NOMINAL_PUSCH(j)+PO_UE_
PUSCH(j), where PO_NOMINAL_PUSCH()) is configured
by a system broadcast parameter, and PO_UE_PUSCH(j) is
configured by UE-specific higher-layer signaling. If the
system is a multi-carrier system, then the UE may transmit
the PUSCH over one or more carriers, where each carrier
over which the PUSCH is transmitted corresponds to a target
value of received power, and if the UE transmits the PUSCH
over a component carrier ¢, then the target value of received
power of the PUSCH over the component carrier ¢ is
PO_PUSCH, c(j).

Since target values of received power of an SRS multiplex
the target values of received power of the PUSCH, if the
uplink signal is an SRS, then the uplink power control
parameters of the SRS are also PO_PUSCH (j).

As can be apparent from the description above, when the
uplink signal is a PUCCH, each set of uplink power control
parameters includes only PO_PUCCH, and when the uplink
signal is a PUSCH or an SRS, each set of uplink power
control parameters includes PO_PUSCH(0), PO_PUSCH(1)
and PO_PUSCH(2) respectively.
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For uplink power control, target values of received power
of respective channels are configured by the base station,
and the values are typically determined by the average
throughput of a cell, the throughput at the edge of the cell
and other factors. If the target value of received power
configured is higher, then it means high power at which the
uplink signal of the UE in the current cell arrives at a
receiver of the base station to thereby facilitate improved
performance of uplink transmission by the UE in the current
cell (particularly a UE at the edge of the cell), but a too high
target value of received power may result in adverse effects,
such as increase of inter-cell interference, increase of power
consumption of the UE, etc. Thus the target value of
received power is of great importance for the UE to deter-
mine transmit power.

In the step 42, the network-side device notifies the UE of
the configured respective sets of uplink power control
parameters for the UE to determine transmit power of the
uplink signal.

In the first embodiment of the invention, the network-side
device can notify the UE of the configured respective sets of
uplink power control parameters in higher-layer signaling
without limitation thereto, so that the UE can select one of
the received respective sets of uplink power control param-
eters for determination of transmit power of the uplink
signal.

The following description will be given in details of how
the network-side device configures the uplink signal of the
UE with at least two sets of uplink power control param-
eters.

In the first embodiment of the invention, the network-side
device can configure the uplink signal of the UE with at least
two sets of uplink power control parameters dependent upon
an interference condition in an uplink sub-frame.

Particularly there are two types of uplink sub-frames in
the dynamic TDD system, which include fixed uplink sub-
frames and those sub-frames among flexible sub-frames
allocated for uplink transmission (flexible uplink sub-
frames). There may be different interference conditions in
these two types of uplink sub-frames, where the interference
condition in the first type of uplink sub-frames is the same
as that in the traditional TD-LTE system because a current
cell will be subjected only to interference of uplink trans-
mission of an adjacent cell; and in the second type of uplink
sub-frames, uplink transmission of the current cell may be
subjected to persistent interference of downlink transmis-
sion of the adjacent cell at a significantly higher interference
level than that in the first type of uplink sub-frames, and
moreover since uplink or downlink transmission is per-
formed flexibly by the adjacent cell in the respective ones of
the second type of uplink sub-frames, there may also be
significantly different interference conditions between the
respective sub-frames.

As can be apparent from the description above, the
interference condition in the fixed uplink sub-frames is
different from that in the flexible uplink sub-frames and the
interference conditions in the respective flexible sub-frames
are also possibly different, and in view of this, two particular
implementations for configuring sets of uplink power con-
trol parameters are proposed in the first embodiment of the
invention:

In a first implementation, the network-side device con-
figures the uplink signal of the UE with at least one set of
uplink power control parameters respectively for each sub-
frame type of uplink sub-frame, where the sub-frame types
of uplink sub-frames include flexible uplink sub-frames and
fixed uplink sub-frames, that is, the network-side device
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configures the UE with at least one set of uplink power
control parameters of the uplink signal for the fixed uplink
sub-frames and also configures the UE with at least one set
of uplink power control parameters of the uplink signal for
the flexible uplink sub-frames, so that the fixed uplink
sub-frames and the flexible uplink sub-frames correspond
respectively to at least one set of uplink power control
parameters. When the UE transmits the uplink signal in an
uplink sub-frame which is a fixed uplink sub-frame, then the
UE can select one of the at least one set of uplink power
control parameters corresponding to the fixed uplink sub-
frames to thereby determine transmit power of the uplink
signal; and when the UE transmits the uplink signal in an
uplink sub-frame which is a flexible uplink sub-frame, then
the UE can select one of the at least one set of uplink power
control parameters corresponding to the flexible uplink
sub-frames to thereby determine transmit power of the
uplink signal.

In the first implementation, for the fixed uplink sub-
frames, the network-side device can configure the UE with
a set of uplink power control parameters of the uplink signal
and for the flexible uplink sub-frames, the network-side
device can also configure the UE with a set of uplink power
control parameters of the uplink signal. If the uplink signal
is a PUCCH, then the network-side device configures the UE
with two sets of PO_PUCCH corresponding to the PUCCH,
ie, PO_PUCCH_sl and PO_PUCCH_s2, where
PO_PUCCH_s1 corresponds to the fixed uplink sub-frames,
and PO_PUCCH_s2 corresponds to the flexible uplink sub-
frames, and when the UE transmits the PUCCH, the UE can
determine transmit power in a fixed uplink sub-frame from
PO_PUCCH_s1 and determine transmit power in a flexible
uplink sub-frame from PO_PUCCH_s2. If the uplink signal
is a PUSCH, then the network-side device configures the UE
with two sets of PO_PUCCH(j), i.e., PO_PUSCH_s1(j) and
PO_PUSCH_s2(j), where PO_PUSCH_s1(j) corresponds to
the fixed uplink sub-frames, and PO_PUSCH_s2(j) corre-
sponds to the flexible uplink sub-frames, and when the UE
transmits the PUSCH, the UE can determine transmit power
in a fixed uplink sub-frame from PO_PUSCH_s1(j) and
determine transmit power in a flexible uplink sub-frame
from PO_PUSCH_s2(j).

Moreover in the first implementation, in order for the UE
to be able to select a set of uplink power control parameters
according to a sub-frame type of a sub-frame, in which the
uplink signal is transmitted, to thereby determine transmit
power, the first embodiment of the invention proposes that
in addition to notitying the UE of the configured respective
sets of uplink power control parameters, the network-side
device can further transmit a correspondence relationship
between sub-frame types and sets of uplink power control
parameters to the UE.

In a second implementation, the network-side device
groups the respective uplink sub-frames into respective sets
of sub-frames, more particularly the network-side device
groups the fixed uplink sub-frames into a set of sub-frames
and groups the flexible uplink sub-frames into at least one
set of sub-frames. And then the network-side device con-
figures the UE with at least one set of uplink power control
parameters of the uplink signal respectively for each set of
sub-frames as a result of grouping, that is, each set of
sub-frames corresponds respectively to at least one set of
uplink power control parameters. When the UE transmits the
uplink signal, the UE can select one of the at least one set
of uplink power control parameters corresponding to the set
of sub-frames, to which an uplink sub-frame in which the
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uplink signal is transmitted belongs, to thereby determine
transmit power of the uplink signal.

In the second implementation, the network-side device
can configure the UE with a set of uplink power control
parameters of the uplink signal respectively for each set of
sub-frames as a result of grouping. The flexible sub-frames
can be grouped by the network-side device dependent upon
the number of flexible sub-frames or interference conditions
in the flexible sub-frames. Taking the dynamic configuration
scheme of uplink and downlink sub-frames illustrated in
FIG. 2 as an example, the flexible sub-frames includes four
sub-frames (the sub-frame #3, the sub-frame #4, the sub-
frame #8 and the sub-frame #9), and the network-side device
groups the flexible sub-frames into four sets of sub-frames,
each of which includes a sub-frame, so that the network-side
device determines five sets of sub-frames in total, and thus
the network-side device configures the UE with five separate
sets of uplink power control parameters in total, each of
which corresponds to a different set of sub-frames.

If the uplink signal is a PUCCH, then the network-side
device configures the UE with N sets of PO_PUCCH
corresponding to the PUCCH, ie., PO_PUCCH_sl,
PO_PUCCH_sN, where N represents the number of sets of
uplink power control parameters, and if each set of sub-
frames corresponds to a set of uplink power control param-
eters, then N also represents the number of sets of sub-
frames, and when the UE transmits the PUCCH, the UE can
determine transmit power from the set of uplink power
control parameters corresponding to the set of sub-frames to
which an uplink sub-frame in which the PUCCH is trans-
mitted belongs. If the uplink signal is a PUSCH, then the
network-side device configures the UE with N sets of
PO_PUSCH(), ie., PO_PUSCH.sl (), . . . ,
PO_PUSCH_sN(j), and when the UE transmits the PUSCH,
the UE can determine transmit power from the set of uplink
power control parameters corresponding to the set of sub-
frames to which an uplink sub-frame in which the PUSCH
is transmitted belongs.

Moreover in the second implementation, in order for the
UE to be able to select a set of uplink power control
parameters according to a set of sub-frames, to which a
sub-frame in which the uplink signal is transmitted belongs,
to thereby determine transmit power. As proposed by the
first embodiment of the invention, in addition to notifying
the UE of the configured respective sets of uplink power
control parameters, the network-side device can further
transmit a correspondence relationship between sets of sub-
frames and sets of uplink power control parameters to the
UE.

If the uplink signal is a PUSCH, then when the network-
side device configures sets of uplink power control param-
eters, the network-side device can configure N parameter
values respectively for at least one uplink power control
parameter of the PUSCH, where N represents the number of
sets of uplink power control parameters to be configured,
and can configure only one parameter value for the other
uplink power control parameters of the PUSCH, and par-
ticularly:

The network-side device selects PO_PUSCH(k) among
the target values of received power of the respective cat-
egories of PUSCHs, where k is at least one 0f 0, 1 and 2, and
for selected PO_PUSCH(k), the network-side device con-
figures the UE with parameter values PO_PUSCH_s1(k),
PO_PUSCH_sN(k), where N represents the number of sets
of uplink power control parameters to be configured.
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Where the network-side device can select PO_PUSCH(k)
in the following seven patterns in total:

{PO_PUSCH(0)}; {PO_PUSCH(1)}; {PO_PUSCH(2)};
{PO_PUSCH(0) and PO_PUSCH(1)}; {PO_PUSCH(0) and
PO_PUSCH(2)}; {PO_PUSCH(1) and PO_PUSCH(2)};
and {PO_PUSCH(0), PO_PUSCH(1) and PO_PUSCH(2)}
respectively.

For the other unselected PO_PUSCHs, the network-side
device can configure an unselected PO_PUSCH with a
parameter value instead of N parameter values, and there are
uniform parameter values for the unselected PO_PUSCH in
the respective sets of uplink power control parameters. For
example, if PO_PUSCH(1) is not selected by the network-
side device, then there is a uniform value of PO_PUSCH(1)
in the N sets of uplink power control parameters.

A target value of received power of the uplink signal can
include a cell-specific component and a UE-specific com-
ponent. For example, a target value PO_PUCCH of received
power of a PUCCH is the sum of a cell-specific component
PO_NOMINAL_PUCCH and a UE-specific component
PO_UE_PUCCH, and a target value PO_PUSCH() of
received power of a PUSCH is the sum of a cell-specific
component PO_NOMINAL_PUSCH(j) and a UE-specific
component PO_UE_PUSCH(j). As proposed in the first
embodiment of the invention, for the respective uplink
power control parameters, the network-side device can con-
figure the cell-specific components respectively with N
parameter values, where N represents the number of sets of
uplink power control parameters to be configured, and
configure the UE-specific components only with a parameter
value. For example, when N=2, PO_NOMINAI,_PUSCH()
is configured with two parameter values PO_NOMINAL_
PUSCH_s1(j) and PO_NOMINAL_PUSCH_S2(j), at this
time PO_PUSCH_S1(j)=PO_NOMINAL_PUSCH_S1()+
PO_UE_PUSCH(j) and PO_PUSCH_S2(j)=PO_NOMI-
NAL_PUSCH_S2(j)+PO_UE_PUSCH(j). Or the network-
side device can configure the UE-specific components
respectively with N parameter values and configure the
cell-specific components only with a parameter value. For
example, when N=2, PO_UE_PUSCH(j) is configured with
two parameter values PO_UE_PUSCH_s1(j) and PO_UE_
PUSCH_S2(j), and at this time PO_PUSCH_S1(j)=
PO_NOMINAL_PUSCH(j)+PO_UE_PUSCH_S1(j) and
PO_PUSCH_S2(j)=PO_NOMINAL_PUSCH(j)+PO_UE_
PUSCH_S2(j). Or the network-side device can configure the
cell-specific components and the UE-specific components
respectively with N parameter values. For example, when
N=2, PO_NOMINAI,_PUSCH() is configured with two
parameter values PO_NOMINAL_PUSCH_sl1(j) and
PO_NOMINAL_PUSCH_S2(j), and PO_UE_PUSCH(j) is
configured with two parameter values PO_UE_PUSCH_S1
() and PO_UE_PUSCH_S2(j), at this time PO_PUSCH_S1
(5)=PO_NOMINAL_PUSCH_S1(j)+PO_UE_PUSCH_SI
(3) and PO_PUSCH_S2(j)=PO_NOMINAL_PUSCH_S2
(j)+PO_UE_PUSCH_S2(j).

As proposed in the first embodiment of the invention, the
parameter values of the uplink power control parameters in
the respective sets of uplink power control parameters
configured by the network-side device can be real parameter
values or relative parameter values. Wherein the parameter
values in each set of uplink power control parameters can be
real parameter values. Moreover the network-side device
can alternatively pre-select a reference set of uplink power
control parameters, and only the parameter values in the
reference set of uplink power control parameters are real
parameter values, whereas the parameter values in the other
sets of uplink power control parameters are the differences
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of their real parameter values from the real parameter values
in the reference set of uplink power control parameters,
referred to as relative parameter values.

Moreover as further proposed in the first embodiment of
the invention, if the network-side device selects one of the
sets of uplink power control parameters for the UE and
notifies the UE of the set of uplink power control param-
eters, then the UE can determine transmit power from the set
of uplink power control parameters selected by the network-
side device directly without selecting any set of uplink
power control parameters, and particularly when the UE
transmits the uplink signal, the network-side device selects
one of the configured respective sets of uplink power control
parameters for the UE and transmits the set identifier of the
selected set of uplink power control parameters to the UE.

Where the network-side device can transmit the set iden-
tifier of the selected set of uplink power control parameters
to the UE over a PDCCH without limitation thereto.

In correspondence to the first implementation above,
when the network-side selects one of the sets of uplink
power control parameters, the network-side device can
firstly determine a sub-frame type of an uplink sub-frame in
which the UE transmits the uplink signal and then select one
set of uplink power control parameters corresponding to the
determined sub-frame type among the configured respective
sets of uplink power control parameters. If the determined
sub-frame type is a fixed uplink sub-frame, then the net-
work-side device selects one of the sets of uplink power
control parameters configured for the fixed uplink sub-
frames for the UE, or if the determined sub-frame type is a
flexible uplink sub-frame, then the network-side device
selects one of the sets of uplink power control parameters
configured for the flexible uplink sub-frames for the UE.

In correspondence to the second implementation above,
when the network-side selects one of the sets of uplink
power control parameters, the network-side device can
firstly determine a set of sub-frames of an uplink sub-frame
in which the UE transmits the uplink signal and then select
one set of uplink power control parameters corresponding to
the determined set of sub-frames among the configured
respective sets of uplink power control parameters.

For example, the uplink signal is a PUSCH, and the
network-side device carries the set identifier of the set of
uplink power control parameters in a PDCCH of physical
layer signaling, to indicate the specific set of uplink power
control parameters from which the UE determines transmit
power for the PUSCH scheduled by the PDCCH, where the
set identifier can occupy a bit of the PDCCH, but the
invention will not be limited thereto.

In the first embodiment of the invention, the network-side
device can configure each UE respectively with at least two
sets of uplink power control parameters and then notify the
corresponding UE of the configured sets of uplink power
control parameters; or the network-side device can configure
all the UEs with at least two sets of uplink power control
parameters and then notify all the UEs of the configured
respective sets of uplink power control parameters.

Second Embodiment

Based upon the uplink power control method according to
the first embodiment of the invention, a second embodiment
of the invention proposes a network-side device, the struc-
ture of which is as illustrated in FIG. 5, where the network-
side device includes:
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A set of control parameters configuration unit 51 is
configured to configure an uplink signal of a UE with at least
two sets of uplink power control parameters; and

A set of control parameters transmission unit 52 is con-
figured to notify the UE of the respective sets of uplink
power control parameters configured by the set of control
parameters configuration unit 51 for the UE to determine
transmit power of the uplink signal.

In a preferred implementation of the second embodiment
of the invention, the set of control parameters transmission
unit 52 is particularly configured to notify the UE of the
respective sets of uplink power control parameters config-
ured by the set of control parameters configuration unit 51
in higher-layer signaling.

In a preferred implementation of the second embodiment
of the invention, the set of control parameters configuration
unit 51 is particularly configured to configure the uplink
signal of the UE with the at least two sets of uplink power
control parameters dependent upon interference conditions
in uplink sub-frames.

In a further preferred implementation of the second
embodiment of the invention, the set of control parameters
configuration unit 51 is particularly configured to configure
the uplink signal of the UE with at least one set of uplink
power control parameters respectively for each sub-frame
type of uplink sub-frame, where the sub-frame types of
uplink sub-frames include flexible uplink sub-frames and
fixed uplink sub-frames.

In a further preferred implementation of the second
embodiment of the invention, the network-side device fur-
ther includes a first correspondence relationship transmis-
sion unit configured to transmit a correspondence relation-
ship between sub-frame types and sets of uplink power
control parameters to the UE.

In a further preferred implementation of the second
embodiment of the invention, the set of control parameters
configuration unit 51 includes:

A sub-frame grouping sub-unit is configured to group the
fixed uplink sub-frames into a set of sub-frames and to group
the flexible sub-frames into at least one set of sub-frames;
and

A first set of control parameters configuration sub-unit is
configured to configure the uplink signal of the UE with at
least one set of uplink power control parameters respectively
for each set of sub-frames as a result of grouping by the
sub-frame grouping sub-unit.

In a further preferred implementation of the second
embodiment of the invention, the network-side device fur-
ther includes a second correspondence relationship trans-
mission unit configured to transmit a correspondence rela-
tionship between sets of sub-frames and sets of uplink power
control parameters to the UE.

In a preferred implementation of the second embodiment
of the invention, the network-side device further includes:

A set of control parameters selection unit is configured to
select one of the respective sets of uplink power control
parameters configured by the set of control parameters
configuration unit 51 for the UE when the UE transmits the
uplink signal; and

A set of control parameters transmission unit is configured
to transmit the set identifier of the set of uplink power
control parameters selected by the set of control parameters
selection unit to the UE.

In a further preferred implementation of the second
embodiment of the invention, each sub-frame type of uplink
sub-frame corresponds respectively to at least one set of
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uplink power control parameters, where the sub-frame types
of uplink sub-frames include flexible uplink sub-frames and
fixed uplink sub-frames; and

The set of control parameters selection unit includes:

A sub-frame type determination sub-unit is configured to
determine a sub-frame type of an uplink sub-frame in which
the UE transmits the uplink signal; and

A first set of control parameters selection sub-unit is
configured to select a set of uplink power control param-
eters, corresponding to the sub-frame type determined by the
sub-frame type determination sub-unit, among the respec-
tive sets of uplink power control parameters configured by
the set of control parameters configuration unit 51.

In a further preferred implementation of the second
embodiment of the invention, each set of uplink sub-frames
corresponds respectively to at least one set of uplink power
control parameters, where the fixed uplink sub-frames cor-
respond to a set of sub-frames, and the flexible uplink
sub-frames correspond to at least one set of sub-frames; and

The set of control parameters selection unit includes:

A set of sub-frames determination sub-unit is configured
to determine a set of sub-frames to which an uplink sub-
frame, in which the UE transmits the uplink signal, belongs;
and

A second set of control parameters selection sub-unit is
configured to select a set of uplink power control param-
eters, corresponding to the set of sub-frame determined by
the set of sub-frame determination sub-unit, among the
respective sets of uplink power control parameters config-
ured by the set of control parameters configuration unit 51.

In a further preferred implementation of the second
embodiment of the invention, the set of control parameters
transmission unit is particularly configured to transmit the
set identifier of the set of uplink power control parameters
selected by the set of control parameters selection unit to the
UE over a PDCCH.

In a preferred implementation of the second embodiment
of the invention, the uplink power control parameters of the
uplink signal are target values of received power of the
uplink signal.

In a preferred implementation of the second embodiment
of the invention, the uplink signal is a PUSCH, or a PUCCH
or an SRS.

In a further preferred implementation of the second
embodiment of the invention, the uplink signal is a PUSCH,
and the uplink power control parameters of the uplink signal
are target values PO_PUSCH(j) of received power of
respective categories of PUSCHs, where j represents the
category identifier of PUSCH and takes the values of 0, 1 or
2.

The set of control parameters configuration unit 51
includes:

A target value selection sub-unit is configured to select
PO_PUSCH(k) among the target values of received power
of the respective categories of PUSCHs, where k is at least
one of 0, 1 or 2; and

A second set of control parameters configuration sub-unit
is configured, for PO_PUSCH(k) selected by the target value
selection sub-unit, to configure the UE with parameter
values PO_PUSCH_s1(k), . . . , PO_PUSCH_sN(k), where
N represents the number of sets of uplink power control
parameters to be configured.
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The uplink power control process at the UE side will be
described below.

Third Embodiment

As illustrated in FIG. 6 which is a flow chart of an uplink
power control method at the UE side according to a third
embodiment of the invention, a particular process flow
thereof is as follows:

In the step 61, a UE obtains respective sets of uplink
power control parameters, corresponding to an uplink signal,
notified of by a network-side device.

Where the UE can obtain the respective sets of uplink
power control parameters, corresponding to the uplink sig-
nal, notified of by the network-side device in higher-layer
signaling, but the invention will not be limited thereto.

A repeated description of a process in which the network-
side device configures and transmits the sets of uplink power
control parameters will be omitted here.

In the step 62, when the UE needs to transmit the uplink
signal, the UE selects one of the respective sets of uplink
power control parameters notified of by the network-side
device.

The UE can select one of the sets of uplink power control
parameters in the following three implementations without
limitation thereto:

In a first implementation, the UE receives a correspon-
dence relationship, between sub-frame types and sets of
uplink power control parameters, transmitted by the net-
work-side device, determines a sub-frame type of an uplink
sub-frame in which the uplink signal is transmitted, where
the sub-frame types include flexible uplink sub-frames and
fixed uplink sub-frames, and then the UE selects a set of
uplink power control parameters corresponding to the deter-
mined sub-frame type among the respective sets of uplink
power control parameters notified of by the network-side
device according to the received correspondence relation-
ship between sub-frame types and sets of uplink power
control parameters.

If the UE transmits the uplink signal in an uplink sub-
frame which is a fixed uplink sub-frame, then the UE can
know respective sets of uplink power control parameters
corresponding to the fixed uplink sub-frame according to the
received correspondence relationship between sub-frame
types and sets of uplink power control parameters, and the
UE can select one of the respective sets of uplink power
control parameters corresponding to the fixed uplink sub-
frame; or if the UE transmits the uplink signal in an uplink
sub-frame which is a flexible uplink sub-frame, then the UE
can know respective sets of uplink power control parameters
corresponding to the flexible uplink sub-frame according to
the received correspondence relationship between sub-frame
types and sets of uplink power control parameters, and the
UE can select one of the respective sets of uplink power
control parameters corresponding to the flexible uplink
sub-frame.

In a second implementation, the UE receives a correspon-
dence relationship, between sets of sub-frames and sets of
uplink power control parameters, transmitted by the net-
work-side device, determines a set of sub-frames to which
an uplink sub-frame in which the uplink signal is transmitted
belongs, where fixed uplink sub-frames correspond to a set
of sub-frames, and flexible uplink sub-frames correspond to
at least one set of sub-frames, and then the UE selects a set
of uplink power control parameters corresponding to the
determined set of sub-frames among the respective sets of
uplink power control parameters notified of by the network-
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side device according to the received correspondence rela-
tionship between sets of sub-frames and sets of uplink power
control parameters.

After the UE determines the set of sub-frames to which
the uplink sub-frame in which the uplink signal is transmit-
ted belongs, the UE can know sets of uplink power control
parameters corresponding to the determined set of sub-
frames according to the correspondence relationship
between sets of sub-frames and sets of uplink power control
parameters, and the UE can select one of the sets of uplink
power control parameters corresponding to the determined
set of sub-frames.

In a third implementation, the UE receives the set iden-
tifier of a set of uplink power control parameters transmitted
by the network-side device and then selects the correspond-
ing set of uplink power control parameters among the
respective sets of uplink power control parameters notified
of by the network-side device directly according to the
received set identifier.

Where the UE can receive the set identifier of the set of
uplink power control parameters transmitted by the network-
side device over a PDCCH without limitation thereto.

In the step 63, the UE determines transmit power of the
uplink signal from the selected set of uplink power control
parameters.

Methods of determining transmit power of a PUCCH, a
PUSCH and an SRS will be described below.

1. Method of Determining the Transmit Power of PUCCH

In the LTE system, the transmit power of a PUCCH is
calculated by the UE, particularly from a parameter con-
figuration of the base station and the format of the PUCCH
channel as follows:

Transmit power PPUCCH, at which the UE transmits the
PUCCH channel in an uplink sub-frame I, can be calculated
in the equation of:

Pemax e (D),
Ppycen (i) = ming Po_pucen + PLe + hncgrs nuarg ise) + 1,
Ar pucen(F) +App(F) +g()

Where:

P sax (1) represents a highest transmit power of the UE
configured by the higher layer;

The parameter Az pyeen(F) is configured by the higher
layer and corresponds to a power offset of a different
PUCCH format from the PUCCH format la, where the
PUCCH formats include formats 1/1a/1b/2/2a/2b, etc.;

h(neop Np4rps Dsg) Tepresents a power offset related to
the number of bits carried over the PUCCH, where n¢;
corresponds to the number of bits in which a Channel
Quality Indicator (CQI) is carried, ngz, corresponds to the
number of bits in which an Acknowledgement (ACK)/
Negative-Acknowledgement (NACK) is carried, and if the
UE has no data to be transmitted in the uplink, then nSR is
1; otherwise, nSR is 0

A o(F") represents a amount of power adjustment applied
in PUCCH transmit diversity and is configured by the higher
layer;

PLC represents a downlink path loss measured by the UE;
and

g(1) represents an accumulated amount of a power control
command word, where the power control command word is
transmitted over the PDCCH, the unit of which is dB, the
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power control command word of the PUCCH is accumula-
tive, and the range of values for the power control command
word is [-1,0,1,3] or [-1,1].

2. Method of Determining the Transmit Power of PUSCH

In the LTE system, the transmit power of a PUSCH is
calculated by the UE, particularly from a parameter con-
figuration of the base station and a scheduling condition of
the PUSCH as follows:

Transmit power Py g0y (i), at which the UE transmits
the PUSCH channel over a component carrier ¢ in an uplink
sub-frame i, can be calculated in the equation of:

Pemax,e(D),
Ppyscr,c(i) = mind 10log,o(Mpysch o (D) + Po_pusci,e(D) + ¢,
@ (/) - PLc + Agp o (D) + fo(D)

Where:

Pcasax, (i) represents an allowable highest transmit power
determined by the level of the UE and is configured by the
higher layer;

Mgy s (1) is the size of a resource, allocated for the
PUSCH, over the component carrier ¢ of the uplink sub-
frame 1 and can be represented in the number of resource
blocks;

When j=0 or 1, . €{0, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1}
represents path loss compensation factors which are a cell-
specific parameter and are indicated in 3 bits of high-layer
signaling; and when j=2, a_(j)=1, i.e., full path loss com-
pensation is used for transmission of the PUSCH with a
random access message 3 all the time;

PLC represents a downlink path loss measured by the UE;

When Ks:1255 ATF,c(i):logl0((2BPRE-K,_l).Boﬁ”setPUSCH)
represents a different power offset corresponding to a dif-
ferent Modulation and Coding Scheme (MCS); and when
K,=0, A (1)=0 represents a disabled function of adjusting
power to the MCS, where K, represents UE-specific param-
eter indicated in higher-layer signaling; and

dpuscrr,. 18 a UE-specific corrected value, also referred to
a Transmission power Control (TPC) command, the unit
being dB, which is included in a PDCCH in the Downlink
Control Information (DCI) format 0/4 or in a PDCCH in the
DCI format 3/3a and encoded jointly with another TPC
command, where a current PUSCH power control adjust-
ment status is defined by (i) and includes an accumulated
manner or absolute value manner, and the range of values for
the power control command word is [-1,0,1,3] or [-1,1]
respectively in the accumulated manner, and the range of
values for the power control command word is [-4,-1,1,4]
in the absolute value manner.

3. Method of Determining the Transmit Power of SRS

Similarly to the PUSCH, in the LTE system, transmit
power of an SRS is calculated by the UE, particularly from
a parameter configuration of the base station and a sched-
uling condition of the SRS as follows:

Transmit power Pggq (i), at which the UE transmits the
SRS channel over a component carrier ¢ in an uplink
sub-frame i, can be calculated in the equation of:

P SRs,c(i):miH{P CMAX,c(i)aP SRS,OFFSET,C(”’)HO logyo
(MSRS,C)+P o,PUSH,c(/')"'ac(/')'P Lc"‘fc(i)},
Where:
Psrs orrser(m) represents a adjustment value of trans-
mit power of the SRS;
Mgzs, represents a transmission bandwidth of the SRS;
and
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The other parameters are the same as those used in
determination of transmit power of the PUSCH.

As can be apparent from the process flow above, in the
technical solution according to the embodiment of the
invention, the network-side device configures an uplink
signal of the UE with at least two sets of uplink power
control parameters and notifies the UE of the configured
respective sets of uplink power control parameters. When
the UE needs to transmit the uplink signal, the UE can select
one of the respective sets of uplink power control parameters
notified of by the network-side device and determine trans-
mit power of the uplink signal from the selected set of uplink
power control parameters. In the dynamic TDD system, the
UE can transmit an uplink signal in different uplink sub-
frames and the UE can determine transmit power, at which
the uplink signal is transmitted, from the different sets of
uplink power control parameters, so that the different uplink
sub-frames can correspond to different transmit power to
thereby ensure the performance of transmission by the UE in
the respective uplink sub-frames of the dynamic TDD sys-
tem. Moreover in the technical solutions according to the
embodiments of the invention, at least two sets of uplink
power control parameters can be configured at the network
side instead of adjusting transmit power by a power control
command word to thereby accommodate a dynamic demand
for traffic, and moreover respective UEs will not be config-
ured with a uniform uplink power control parameter to
thereby avoid power consumption of the UEs and inter-cell
interference so as to control flexibly uplink transmit power.

Fourth Embodiment

Based upon the uplink power control method according to
the third embodiment of the invention, a fourth embodiment
of the invention proposes a user equipment, the structure of
which is as illustrated in FIG. 7, the user equipment includ-
ing:

A set of control parameters obtainment unit 71 is config-
ured to obtain respective sets of uplink power control
parameters, corresponding to an uplink signal, notified of by
a network-side device;

A set of control parameters selection unit 72 is configured
to select one of the respective sets of uplink power control
parameters obtained by the set of control parameters obtain-
ment unit 71 when the uplink signal needs to be transmitted;
and

A transmit power determination unit 73 is configured to
determine transmit power of the uplink signal from the set
of uplink power control parameters selected by the set of
control parameters selection unit 72.

In a preferred embodiment of the fourth embodiment of
the invention, the set of control parameters obtainment unit
71 is particularly configured to obtain the respective sets of
uplink power control parameters, corresponding to the
uplink signal, notified of by the network-side device in
higher-layer signaling.

In a preferred embodiment of the fourth embodiment of
the invention, the set of control parameters selection unit 72
includes:

A first correspondence relationship reception sub-unit is
configured to receive a correspondence relationship,
between sub-frame types and sets of uplink power control
parameters, transmitted from the network-side device;

A sub-frame type determination sub-unit is configured to
determine a sub-frame type of an uplink sub-frame, in which
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the uplink signal is transmitted, where the sub-frame types
include flexible uplink sub-frames and fixed uplink sub-
frames; and

A first set of control parameters selection sub-unit is
configured to select a set of uplink power control param-
eters, corresponding to the sub-frame type determined by the
sub-frame type determination sub-unit, among the respec-
tive sets of uplink power control parameters obtained by the
set of control parameters obtainment unit 71 according to the
correspondence relationship, between sub-frame types and
sets of uplink power control parameters, received by the first
correspondence relationship reception sub-unit.

In a preferred embodiment of the fourth embodiment of
the invention, the set of control parameters selection unit 72
includes:

A second correspondence relationship reception sub-unit
is configured to receive a correspondence relationship,
between sets of sub-frames and sets of uplink power control
parameters, transmitted from the network-side device;

A set of sub-frames determination sub-unit is configured
to determine a set of sub-frames to which an uplink sub-
frame, in which the uplink signal is transmitted, belongs,
where fixed uplink sub-frames correspond to a set of sub-
frames, and flexible uplink sub-frames correspond to at least
one set of sub-frames; and

A second set of control parameters selection sub-unit is
configured to select a set of uplink power control param-
eters, corresponding to the set of sub-frames determined by
the set of sub-frames determination sub-unit, among the
respective sets of uplink power control parameters obtained
by the set of control parameters obtainment unit 71 accord-
ing to the correspondence relationship, between sets of
sub-frames and sets of uplink power control parameters,
received by the second correspondence relationship recep-
tion sub-unit.

In a preferred embodiment of the fourth embodiment of
the invention, the set of control parameters selection unit 72
includes:

A set identifier reception sub-unit is configured to receive
the set identifier of a set of uplink power control parameters
transmitted from the network-side device; and

A third set of control parameters selection sub-unit is
configured to select the corresponding set of uplink power
control parameters among the respective sets of uplink
power control parameters obtained by the set of control
parameters obtainment unit 71 according to the set identifier
received by the set identifier reception sub-unit.

In a preferred embodiment of the fourth embodiment of
the invention, the set identifier reception sub-unit is particu-
larly configured to receive the set identifier of the set of
uplink power control parameters transmitted from the net-
work-side device over a PDCCH.

In a preferred embodiment of the fourth embodiment of
the invention, the uplink power control parameters of the
uplink signal are target values of received power of the
uplink signal.

In a preferred embodiment of the fourth embodiment of
the invention, the uplink signal is a PUCCH, or a PUSCH or
an SRS.

Fifth Embodiment

Based upon the uplink power control method at the
network side according to the first embodiment of the
invention and the uplink power control method at the UE
side according to the third embodiment of the invention, a
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fifth embodiment of the invention proposes an uplink power
control system including a network-side device and a UE,
where:

The network-side device is configured to configure an
uplink signal of the UE with at least two uplink power
control parameters and to notify the UE of the configured
respective sets of uplink power control parameters; and

The UE is configured to, when the UE needs to transmit
the uplink signal, select one of the respective sets of uplink
power control parameters notified of by the network-side
device and to determine transmit power of the uplink signal
from the selected set of uplink power control parameters.

Where the network-side device can be but will not be
limited to a base station.

Those skilled in the art shall appreciate that the embodi-
ments of the invention can be embodied as a method, a
system or a computer program product. Therefore the inven-
tion can be embodied in the form of an all-hardware embodi-
ment, an all-software embodiment or an embodiment of
software and hardware in combination. Furthermore the
invention can be embodied in the form of a computer
program product embodied in one or more computer useable
storage mediums (including but not limited to a disk
memory, a CD-ROM, an optical memory, etc.) in which
computer useable program codes are contained.

The invention has been described in a flow chart and/or a
block diagram of the method, the device (system) and the
computer program product according to the embodiments of
the invention. It shall be appreciated that respective flows
and/or blocks in the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram can be embodied in computer
program instructions. These computer program instructions
can be loaded onto a general-purpose computer, a specific-
purpose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified
in the flow(s) of the flow chart and/or the block(s) of the
block diagram.

These computer program instructions can also be stored
into a computer readable memory capable of directing the
computer or the other programmable data processing device
to operate in a specific manner so that the instructions stored
in the computer readable memory create an article of manu-
facture including instruction means which perform the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

These computer program instructions can also be loaded
onto the computer or the other programmable data process-
ing device so that a series of operational steps are performed
on the computer or the other programmable data processing
device to create a computer implemented process so that the
instructions executed on the computer or the other program-
mable device provide steps for performing the functions
specified in the flow(s) of the flow chart and/or the block(s)
of the block diagram.

Although the preferred embodiments of the invention
have been described, those skilled in the art benefiting from
the underlying inventive concept can make additional modi-
fications and variations to these embodiments. Therefore the
appended claims are intended to be construed as encom-
passing the preferred embodiments and all the modifications
and variations coming into the scope of the invention.

Evidently those skilled in the art can make various
modifications and variations to the invention without depart-
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ing from the spirit and scope of the invention. Thus the
invention is also intended to encompass these modifications
and variations thereto so long as the modifications and
variations come into the scope of the claims appended to the
invention and their equivalents.

What is claimed is:

1. An uplink power control method, comprising:

configuring, by a network-side device, an uplink signal of

a user equipment with at least two sets of uplink power
control parameters; and

notifying the user equipment of the configured respective

sets of uplink power control parameters for the user
equipment to determine transmit power of the uplink
signal;
wherein the uplink signal is a Physical Uplink Shared
Channel (PUSCH), or a Physical Uplink Control Chan-
nel (PUCCH) or a Sounding Reference Signal (SRS);

when the uplink signal is the PUSCH, and the uplink
power control parameters of the uplink signal are target
values PO_PUSCH()) of received power of respective
categories of PUSCHs, and wherein j represents a
category identifier of PUSCH and takes the values of 0,
1 or 2; and

configuring, by the network-side device, the uplink signal
of the user equipment with the at least two sets of
uplink power control parameters further comprises:

selecting, by the network-side device, PO_PUSCH(k)
among the target values of received power of the
respective categories of PUSCHs, wherein k is at least
one of 0, 1 and 2; and

for selected PO_PUSCH(k), configuring, by the network-

side device, the user equipment with parameter values
PO_PUSCH s1(k), . .., PO_PUSCH_sN(k), wherein N
represents the number of sets of uplink power control
parameters to be configured.

2. The method according to claim 1, wherein notifying the
user equipment of the configured respective sets of uplink
power control parameters particularly comprises:

notifying the user equipment of the configured respective

sets of uplink power control parameters in higher-layer
signaling.

3. The method according to claim 1, wherein configuring,
by the network-side device, the uplink signal of the user
equipment with the at least two sets of uplink power control
parameters particularly comprises:

configuring, by the network-side device, the uplink signal

of the user equipment with the at least two sets of
uplink power control parameters dependent upon inter-
ference conditions in uplink sub-frames.

4. The method according to claim 3, wherein configuring,
by the network-side device, the uplink signal of the user
equipment with the at least two sets of uplink power control
parameters dependent upon the interference conditions in
the uplink sub-frames particularly comprises:

configuring, by the network-side device, the uplink signal

of the user equipment with at least one set of uplink
power control parameters respectively for each sub-
frame type of uplink sub-frame, wherein the sub-frame
types of uplink sub-frames comprise flexible uplink
sub-frames and fixed uplink sub-frames.

5. The method according to claim 4, further comprising:

transmitting, by the network-side device, a correspon-

dence relationship between sub-frame types and sets of
uplink power control parameters to the user equipment.

6. The method according to claim 3, wherein configuring,
by the network-side device, the uplink signal of the user
equipment with the at least two sets of uplink power control
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parameters dependent upon the interference conditions in
the uplink sub-frames particularly comprises:

grouping, by the network-side device, uplink sub-frames
into at least one set of sub-frames; and

configuring the uplink signal of the user equipment with
at least one set of uplink power control parameters
respectively for each set of sub-frames as a result of
grouping.

7. The method according to claim 6, wherein grouping, by
the network-side device, uplink sub-frames into at least one
set of sub-frames particularly comprises:

grouping, by the network-side device, fixed uplink sub-
frames into a set of sub-frames and grouping flexible
uplink sub-frames into at least one set of sub-frames.

8. The method according to claim 6, further comprising:

transmitting, by the network-side device, a correspon-
dence relationship between sets of sub-frames and sets
of uplink power control parameters to the user equip-
ment.

9. The method according to claim 1, further comprising:

when the user equipment transmits the uplink signal,
selecting, by the network-side device, one of the con-
figured respective sets of uplink power control param-
eters for the user equipment; and

transmitting a set identifier of the selected set of uplink
power control parameters to the user equipment.

10. A network-side device, comprising:

a set of control parameters configuration unit, configured
to configure an uplink signal of a user equipment with
at least two sets of uplink power control parameters;
and

a set of control parameters transmission unit, configured
to notify the user equipment of the respective sets of
uplink power control parameters configured by the set
of control parameters configuration unit, for the user
equipment to determine transmit power of the uplink
signal;

wherein the uplink signal is a Physical Uplink Shared
Channel (PUSCH), or a Physical Uplink Control Chan-
nel (PUCCH) or a Sounding Reference Signal (SRS);

when the uplink signal is the PUSCH, and the uplink
power control parameters of the uplink signal are target
values PO_PUSCH(j) of received power of respective
categories of PUSCHs, and wherein j represents a
category identifier of PUSCH and takes the values of 0,
1 or 2; and

the set of control parameters configuration unit is config-
ured to select PO_PUSCH(k) among the target values
of received power of the respective categories of
PUSCHs, wherein k is at least one of 0, 1 and 2; and for
selected PO_PUSCH(k), configure the user equipment
with parameter values PO_PUSCH sl(k), . . . ,
PO_PUSCH_sN(k), wherein N represents the number
of sets of uplink power control parameters to be con-
figured.

11. An uplink power control method, comprising:

obtaining, by a user equipment, respective sets of uplink
power control parameters, corresponding to an uplink
signal, notified of by a network-side device;

when the user equipment needs to transmit the uplink
signal, selecting, by the user equipment, one of the
respective sets of uplink power control parameters
obtained by the network-side device; and

determining transmit power of the uplink signal from the
selected set of uplink power control parameters;
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wherein the uplink signal is a Physical Uplink Shared
Channel (PUSCH), or a Physical Uplink Control Chan-
nel (PUCCH) or a Sounding Reference Signal (SRS);

when the uplink signal is the PUSCH, and the uplink
power control parameters of the uplink signal are target
values PO_PUSCH()) of received power of respective
categories of PUSCHs, and wherein j represents a
category identifier of PUSCH and takes the values of 0,
1 or 2; and

the respective sets of uplink power control parameters are

configured for UE by:
the network-side device selecting PO_PUSCH(k) among
the target values of received power of the respective
categories of PUSCHs, wherein k is at least one of 0,
1 and 2; and

for selected PO_PUSCH(k), the network-side device con-
figuring the user equipment with parameter values
PO_PUSCH s1(k), . .., PO_PUSCH_sN(k), wherein N
represents the number of sets of uplink power control
parameters to be configured.

12. The method according to claim 11, wherein obtaining,
by the user equipment, the respective sets of uplink power
control parameters, corresponding to the uplink signal, noti-
fied of by the network-side device particularly comprises:

obtaining, by the user equipment, the respective sets of

uplink power control parameters, corresponding to the
uplink signal, notified of by the network-side device in
higher-layer signaling.

13. The method according to claim 11, wherein the
selecting, by the user equipment, one of the respective sets
of'uplink power control parameters obtained by the network-
side device particularly comprises:

receiving, by the user equipment, a correspondence rela-

tionship, between sub-frame types and sets of uplink
power control parameters, transmitted from the net-
work-side device;

determining a sub-frame type of an uplink sub-frame in

which the uplink signal is transmitted, wherein the
sub-frame types comprise flexible uplink sub-frames
and fixed uplink sub-frames; and

selecting, by the user equipment, a set of uplink power

control parameters corresponding to the determined
sub-frame type among the respective sets of uplink
power control parameters notified of by the network-
side device according to the received correspondence
relationship between sub-frame types and sets of uplink
power control parameters.

14. The method according to claim 11, wherein the
selecting, by the user equipment, one of the respective sets
of uplink power control parameters notified of by the
network-side device particularly comprises:

receiving, by the user equipment, a correspondence rela-

tionship, between sets of sub-frames and sets of uplink
power control parameters, transmitted from the net-
work-side device;

determining a set of sub-frames to which an uplink

sub-frame, in which the uplink signal is transmitted,
belongs; and

selecting, by the user equipment, a set of uplink power

control parameters corresponding to the determined set
of sub-frames among the respective sets of uplink
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power control parameters notified of by the network-
side device according to the received correspondence
relationship between sets of sub-frames and sets of
uplink power control parameters.

15. The method according to claim 14, wherein fixed
uplink sub-frames correspond to a set of sub-frames, and
flexible uplink sub-frames correspond to at least one set of
sub-frames.

16. The method according to claim 11, wherein the
selecting, by the user equipment, one of the respective sets
of'uplink power control parameters obtained by the network-
side device particularly comprises:

receiving, by the user equipment, a set identifier of a set
of uplink power control parameters transmitted from
the network-side device; and

selecting a corresponding set of uplink power control
parameters among the respective sets of uplink power
control parameters notified of by the network-side
device according to the received set identifier.

17. The method according to claim 11, wherein the uplink
signal is a Physical Uplink Shared Channel (PUSCH), or a
Physical Uplink Control Channel (PUCCH) or a Sounding
Reference Signal (SRS).

18. A user equipment, comprising:

a set of control parameters obtainment unit, configured to
obtain respective sets of uplink power control param-
eters, corresponding to an uplink signal, notified of by
a network-side device;

a set of control parameters selection unit, configured to
select one of the respective sets of uplink power control
parameters obtained by the set of control parameters
obtainment unit when the user equipment needs to
transmit the uplink signal; and

a transmit power determination unit, configured to deter-
mine transmit power of the uplink signal from the set
of uplink power control parameters selected by the set
of control parameters selection unit;

wherein the uplink signal is a Physical Uplink Shared
Channel (PUSCH), or a Physical Uplink Control Chan-
nel (PUCCH) or a Sounding Reference Signal (SRS);

when the uplink signal is the PUSCH, and the uplink
power control parameters of the uplink signal are target
values PO_PUSCH(j) of received power of respective
categories of PUSCHs, and wherein j represents a
category identifier of PUSCH and takes the values of 0,
1 or 2; and

the respective sets of uplink power control parameters are
configured for UE by:

the network-side device selecting PO_PUSCH(k) among
the target values of received power of the respective
categories of PUSCHs, wherein k is at least one of 0,
1 and 2; and

for selected PO_PUSCH(k), the network-side device con-
figuring the user equipment with parameter values
PO_PUSCH s1(k), . .., PO_PUSCH_sN(k), wherein N
represents the number of sets of uplink power control
parameters to be configured.
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